*Cryptococcus neoformans* is the most common microorganism found in cerebrospinal fluid (CSF) cytology \[[@b1-jptm-2017-06-13]\]. Detecting *C. neoformans* in CSF specimens is crucial for cytopathologists as the organism causes life-threatening infections in immunocompromised hosts. Although the cytomorphologic features of *C. neoformans* in conventional smear cytology have been well described, those in liquid-based cytology have rarely been. Recently, a case in sputum cytology sample has been reported \[[@b2-jptm-2017-06-13]\]. Here, we report the findings of a liquid-based cytologic preparation of a CSF specimen in a case of culture-proven cryptococcal meningitis.

CASE REPORT
===========

A 73-year-old woman visited the hospital with complaints of myalgia, night sweats, and anorexia for 1 week. Her past medical history was unremarkable. On physical examination, a palpable mass was discovered in the right neck, and abdominopelvic computed tomography showed generalized lymphadenopathy. Excisional biopsy of the cervical mass revealed diffuse large Bcell lymphoma, and she received chemotherapy treatment. After completing 1 cycle of chemotherapy, she presented with a spiking fever (up to 38.3℃) and mental confusion. Laboratory tests revealed leukocytosis (white blood cell count, 11.01 × 10^3^/μL) and increased C-reactive protein levels (207.3 mg/L) in peripheral blood. Therefore, CSF examination by lumbar puncture was performed to rule out infectious meningitis.

The CSF specimen submitted for cytologic examination was clear and colorless. It was processed onto a ThinPrep slide and stained with the Papanicolaou stain. Microscopic examination revealed many round to oval structures with thick halos ([Fig. 1](#f1-jptm-2017-06-13){ref-type="fig"}). They stained pale blue and ranged in size from 4 to 11 μm. The initial impression was a contaminant, such as glove powder, because the structures were numerous while the background was almost acellular ([Fig. 1A](#f1-jptm-2017-06-13){ref-type="fig"}). However, when viewed carefully, the structures contained a brownish dot-like internal structure that was suspected as being a nucleus, with occasional tear drop-shaped budding ([Fig. 1B](#f1-jptm-2017-06-13){ref-type="fig"}, [C](#f1-jptm-2017-06-13){ref-type="fig"}). When an additional slide was stained with the Gomori methenamine silver method, they stained black ([Fig. 1D](#f1-jptm-2017-06-13){ref-type="fig"}). Based on positive cryptococcal antigen detection and India ink tests of the CSF specimen prior to the initial cytologic diagnosis, the presence of *C. neoformans* was reported. Subsequently, CSF and blood cultures confirmed cryptococcosis. Although treatment with amphotericin B was started and the organisms were not seen in a repeat CSF examination, the patient died approximately 3 months later owing to worsening of her general condition and recurrence of cryptococcal meningitis.

The authors comply with the guidelines for human studies. The patient died approximately 3 months later owing to worsening of her general condition and recurrence of cryptococcal meningitis. Therefore, the authors could not receive the patient's informed consent for this manuscript. This was notified to the Institutional Review Board (IRB), who waived the IRB protocol approval (4-2017-0814).

DISCUSSION
==========

*C. neoformans* is a ubiquitous encapsulated yeast that causes infections ranging from asymptomatic pulmonary colonization to life-threatening meningoencephalitis \[[@b3-jptm-2017-06-13]\]. *C. neoformans* enters the body by inhalation through the respiratory tract and spreads hematogenously to the central nervous system. It has long been recognized that while *C. neoformans* may cause meningoencephalitis in otherwise healthy people, it more frequently presents as an opportunistic infection in immunocompromised individuals with acquired immunodeficiency syndrome, neoplastic conditions, or those undergoing corticosteroid therapy; it is fatal without treatment. Therefore, rapid recognition and diagnosis are required to decrease mortality rates.

The cytomorphology of *C. neoformans* in conventional smear cytology has been well described \[[@b4-jptm-2017-06-13],[@b5-jptm-2017-06-13]\]. *Cryptococcus* has yeast but not pseudohyphal or hyphal forms with rare exceptions. With the routine Papanicolaou stain, yeast cells can be seen as pale, brownish-pink, slightly refractile spheres surrounded by clear halos. In Diff-Quik-stained preparations, purple yeast cells with accentuated clear halos against a dark purple background give the smear a punched-out appearance. Cells generally range from 5 to 10 μm in diameter, but this can vary from 2 to 20 μm. A useful cytologic feature is the appearance of the asymmetric, narrow-based budding. Special stains, such as mucicarmine, periodic acid-Schiff and alcian blue, can aid the diagnosis as *Cryptococcus* has a characteristic thick mucopolysaccharide capsule. In patients with cryptococcal meningitis, the inflammatory response shows variable degrees depending on the immunocompetence of the hosts \[[@b6-jptm-2017-06-13]\]. While CSF smears from immunocompetent patients typically manifest as CSF pleocytosis, smears from immunocompromised patients often show large numbers of yeast cells without an inflammatory response, as shown in our case.

Recently, *Cryptococcus gatti*, which is closely related to *C. neoformans*, has emerged in North America and has been responsible for a large disease epidemic in a population of generally healthy individuals including immunocompromised hosts \[[@b7-jptm-2017-06-13]\]. Unfortunately, it is difficult to differentiate *C. gatti* from *C. neoformans* by morphology alone. Further differentiation of cryptococcal species can be accomplished on L-canavanine-glycine-bromthymol blue agar; *C. gatti*i colours the medium blue while *C. neoformans* does not (the medium remains yellow) \[[@b8-jptm-2017-06-13]\].

In the cytologic examination of non-gynecological body fluids, including CSF, the liquid-based preparation method has not been used as widely as the conventional method. Moreover, the literature describing the morphologic features of cryptococci in liquid-based cytology is scarce \[[@b9-jptm-2017-06-13]\]. In this report, we observed that the most important cytomorphologic features of cryptococci, such as the thick capsule and tear-drop shaped budding, are well maintained in liquid-based cytology. Moreover, liquid-based cytology provided a clean background that facilitated the detection of the microorganisms and allowed for the preparation of additional slides for special staining to confirm the diagnosis.

In patients with cryptococcal meningitis, cytologic examination of the CSF has been shown to have a low diagnostic yield as the yeast cells can be easily overlooked, particularly when few in number, and can be confused with erythrocytes or artifacts (e.g., surgical glove powder, dust, or glass powder) \[[@b4-jptm-2017-06-13]\]. Moreover, cryptococci sometimes show unusual cytomorphology that can cause diagnostic difficulty, such as chains of budding yeasts, pseudohyphae, or capsule-deficient forms \[[@b10-jptm-2017-06-13],[@b11-jptm-2017-06-13]\]. Our experience in this case suggests that liquid-based cytology may improve the sensitivity of the detection of microorganisms and thus diagnostic accuracy by providing opportunities for ancillary testing. In addition, for CSF examinations, liquid-based cytology might be superior to conventional cytology for clear morphology, as cellular components can be deformed in the latter during cytospin preparations.
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![Representative images of ThinPrep slide preparations of the cerebrospinal fluid. (A) Liquid-based cytology shows numerous spherical yeast cells against a clean background (Papanicolau stain). (B, C) The cells have varying sizes, clear halos, and show occasional narrow-based single budding (arrows) (Papanicolau stain). (D) Black staining is observed with the Gomori methenamine silver stain.](jptm-2017-06-13f1){#f1-jptm-2017-06-13}
